Solution studies on heme proteins: subunit structure, dissociation, and unfolding of Lumbricus terrestris hemoglobin by the ureas.
The subunit structure, dissociation, and unfolding of the hemoglobin of the earthworm, Lumbricus terrestris, were investigated by light scattering molecular weight methods and changes in optical rotatory dispersion (at 233 nm) and absorption in the Soret region. Urea and the alkylureas, methyl-, ethyl-, propyl-, and butylurea, were employed as the reagents to cause both dissociation and unfolding of the protein. Analysis of the light scattering data suggests that the dissociation patterns as a function of hemoglobin concentration in the various dissociating solvents can be described in quantitative terms, either as an equilibrium mixture consisting of parent duodecamers and hexamers of 3 x 10(6) and 1.5 x 10(6) molecular weight (in 1-3 M urea, 1-2 M methyl- and ethylurea, and 1 M propylurea), as a mixture of hexamers and monomers, the latter with a molecular weight of 250000 (i.e., in 4 M urea), or as a mixture of all three species of duodecamers, hexamers, and monomers, seen in 2 M propylurea. Parallel studies by optical rotation and absorption measurements indicate that there is little or no unfolding of the subunits at urea and alkylurea concentrations where complete dissociation to hexamers and extensive dissociation to monomers can be achieved. Further splitting of the monomers (A subunits) to smaller fragments of one-third to one-quarter of the molecular weight of the monomers (B subunits) is seen in the presence of 7 and 8 M urea (pH 7) and in alkaline urea to propylurea solutions. Analysis of the dissociation data of duodecamers to monomers, based on equations used in studies of the urea and amide dissociation of human hemoglobin A from our laboratory, suggests few urea and alkylurea binding sites at the areas of hexamer contacts in the associated duodecameric form of L. terrestris hemoglobin. This suggests that hydrophobic interactions are not the dominant forces that govern the state of association of L. terrestris hemoglobin relative to polar and ionic interactions. The unfolding effects of the ureas, at concentrations above the dissociation transitions, are closely similar to their effects on other globular proteins, suggesting that hydrophobic interactions play an important role in the maintenance of the folded conformation of the subunits. Use of the Peller-Flory equation, with binding constants based on free energy transfer data of hydrophobic amino acid side chains and denaturation data used in previous denaturation studies, gave a relatively good acount of the observed denaturation midpoints obtained with the various ureas supporting these conclusions.